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HYBRID VEHICLE WITH A FUEL
PRESSURE PROTECTION MODE

FIELD OF THE INVENTION

The present invention relates to the field of hybnd
vehicles, and in particular, to a hybrid vehicle at least
including electric drive.

BACKGROUND OF THE INVENTION

Since 1990s, global energy crisis and environmental pol-
lution have become more and more serious. Fossil oil
accounts for more than 40% in the global total energy
consumption, and according to the current proved reserves
and consumption rate estimates, oil resources on the earth
may be used up 1n the next few decades.

Motor vehicles are the major consumers of the o1l and the
major producers of air pollution. CO, 1n the exhausts of the
motor vehicles 1s one of the main sources of the greenhouse
cllect on the earth, and other components 1n the exhausts are
also significant urban air pollutants.

Years of practice has proved that the use of novel fuels
and novel power systems 1s an important way of solving the
problem of vehicle energy bottlenecks and exhausts pollu-
tion. With respect to the novel fuels, the practice has proved
that the use of alternative fuels, which are cleaner than
gasoline and diesel, 1s a {feasible solution to solve the
problem of energy crisis and emission pollution. With
respect to the novel power systems, pure electric vehicles
using plumbic acid, nickel-hydrogen or lithium power stor-
age batteries have the advantages of zero emission, low
noise and high efliciency. However, due to the limitation of
the electric energy storage technology, the pure electric
vehicles not only have high manufacturing costs, but also
have small cruising ranges and long charging time, and thus
cannot really meet the use demands of people at present and
in a relatively long future period and do not have enough
market competitiveness. Therefore, a hybrid vehicle 1s used
as a transitional vehicle between the traditional vehicle and
the pure electric vehicle at present, the hybrid vehicle has
some advantages of the both, such as ultra low emission,
high efliciency and long cruising range, and only the cost 1s
slightly higher than the vehicles that adopt traditional power
systems. The power system of the hybrid vehicle includes a
plurality of types, such as series, parallel and series-parallel
types.

In the hybrid vehicle using the novel fuel 1n combination
with electric power, as the novel fuel 1s generally stored in
a corresponding fuel storage tank mm a compression or a
cooling compression manner. When the temperature in the
external environment rises or when the vehicle 1s used not
for a long time, the pressure of fuel in the fuel storage tank
1s liable to rise above a safe pressure thereof, for example,
at the connection the fuel storage tank to the outside heat 1s
liable to be absorbed and results 1n an increased pressure of
the fuel 1n the fuel storage tank. This correspondingly brings
a salety problem. At this time, to avoid the problem of the
tuel storage tank, a pressure release valve 1s usually arranged
at the fuel storage tank, which automatically opens when the
pressure of the fuels in the fuel storage tank exceeds a
certain threshold and releases a part of fuel into the sur-
rounding atmosphere. Although the satfety of the fuel storage
tank 1s guaranteed in this way from a certain perspective, the
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combustible gas fuel leaked 1nto the surrounding atmosphere
will bring new potential safety problems, and 1t 1s also a

waste of energy.

SUMMARY OF THE INVENTION

An object of the present invention 1s to improve the safety
of a hybrid vehicle with a fuel storage tank. Another object
of the present invention 1s to improve the fuel utilization rate
of the hybrid vehicle with the fuel storage tank. Yet another
object of the present invention 1s to sately control or release
the fuel pressure of the fuel storage tank of the hybnd
vehicle.

Particularly, the present invention provides a hybnd
vehicle, including:

a power battery, which can be selectively brought nto a
charging state and a discharging state, wherein the
power battery stores electric energy 1n the charging
state and provides the electric energy for driving the
vehicle 1n the discharging state;

a Tuel storage tank, used for storing a fuel therein, wherein
the fuel stored in the fuel storage tank generates a gas
pressure 1n the fuel storage tank;

an electrical power generation unit having a working state
and a stop state, wherein 1n the working state, the
electrical power generation unit converts the chemical
energy of the fuel in the fuel storage tank into the
clectric energy for output;

a pressure detection unit, used for detecting the gas
pressure 1n the fuel storage tank; and

a work mode controller, used for controlling the vehicle to
work selectively 1n one of a plurality of work modes,
wherein the plurality of work modes 1nclude a pressure
protection mode;

wherein the work mode controller 1s configured to control
the vehicle to enter the pressure protection mode, 1n the
case the electrical power generation unit 1s in the stop
state, when the gas pressure detected by the pressure
detection unit 1s higher than a pressure threshold; and
under the pressure protection mode, the electrical
power generation unit 1s started from the stop state to
enter the working state to use the fuel 1n the fuel storage
tank, and the gas pressure in the fuel storage tank 1is
accordingly reduced.

Further, under the pressure protection mode, the power
battery 1s in the charging state, thereby recerving the electric
energy Irom the electrical power generation unit and being
charged.

Further, the plurality of work modes further include a
battery-only power supply mode performed 1n the case the
vehicle 1s started, wherein under the battery-only power
supply mode, the electrical power generation unit 1s con-
stantly 1n the stop state, and the power battery 1s constantly
in the discharging state to consume the electric energy stored
in the power battery to drive the vehicle.

Further, the plurality of work modes further include a
conventional mode performed i1n the case the vehicle is
started, wherein 1n the conventional mode, the electrical
power generation unit 1s selectively 1n the working state or
the stop state according to a predetermined working strategy,
and the power battery is selectively in the charging state or
the discharging state according to the predetermined work-
ing strategy.

Further, the hybrid vehicle further includes a mode 1nput
interface, used for receiving a mode selection instruction
that 1s 1nput by a user and indicates that the battery-only
power supply mode 1s selected, wherein the work mode
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controller controls the vehicle to work 1n the battery-only
power supply mode according to the mode selection mnstruc-
tion.

Further, the work mode controller 1s configured to pro-
hibit the vehicle from entering the battery-only power sup-
ply mode or make the vehicle leave from the battery-only
power supply mode, when the electricity quantity of the
power battery 1s lower than an electricity quantity threshold.

Further, under the conventional mode, when the power
battery 1s 1n the charging state, the charging capacity of the
power battery 1s limited to be lower than a maximum
chargeable capacity of the power battery.

Further, the work mode controller 1s configured to be able
to make the vehicle enter the pressure protection mode when
the vehicle 1s 1n a started state or a shutdown state; or the
work mode controller 1s configured to be able to make the
vehicle enter the pressure protection mode only when the
vehicle 1s 1n the shutdown state.

Further, the hybrid vehicle further includes:

an electric switch, used for turning on or off an electric

energy path to a traction motor of the vehicle, wherein
the work mode controller 1s configured to open the
clectric switch when the vehicle enters the pressure
protection mode from the shutdown state; and/or

a clutch, used for turning on or off a mechanical power

path to wheels of the vehicle, wherein the work mode
controller 1s configured to disengage the clutch when
the vehicle enters the pressure protection mode from
the shutdown state.

Further, the hybrid vehicle of the present invention 1s a
series hybrid vehicle.

As the hybrid vehicle of the present mvention has the
pressure protection mode, when the gas pressure of the fuel
in the fuel storage tank exceeds the pressure threshold, the
clectrical power generation unit 1s automatically started to
convert the chemical energy of expanded redundant fuel 1n
the fuel storage tank into the electric energy. This facilitates
utilization or consumption of the converted electric energy
thereatter. Compared with the way of discharging the fuel in
the fuel storage tank into the atmosphere to release the
pressure 1n the prior art, the way of utilizing or consuming,
the redundant fuel 1n the fuel storage tank 1n the form of the
clectric energy according to the present invention is safer.
Particularly, under proper circumstances, the chemical
energy of the redundant fuel can be converted into the
clectric energy for charging the power battery of the vehicle,
which avoids the waste of the fuel while improving the
safety, and improves the utilization rate of the fuel.

According to the following detailed description of specific
embodiments of the present invention 1 conjunction with
drawings, the aforementioned and other objects, advantages

and features of the present invention will be more apparent
to those skilled 1n the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Some specific embodiments of the present invention will
be described below 1n detail 1n an exemplary, rather than a
restrictive manner with reference to the drawings. Identical
reference signs in the drawings represent identical or similar
components or parts. Those skilled 1n the art should under-
stand that these drawings are not necessarily drawn to scale.
In the drawings:

FIG. 1 1s a schematic diagram of a structure of a power
system of a series hybrid vehicle according to one embodi-
ment of the present invention.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

FIG. 1 shows a schematic diagram of a power system of
a series hybrid vehicle according to one embodiment of the
present invention. The vehicle may include a power battery
50, a fuel storage tank 10, an electrical power generation unit
40, a pressure detection unit 20 and a work mode controller
30.

The power battery 50 may be selectively 1n a charging
state and a discharging state, and may store electric energy
in the charging state and provide electric energy for driving
the vehicle in the discharging state. The fuel storage tank 10
may store fuel therein. Particularly, when the fuel 1s natural
gas, compressed natural gas or dimethyl ether or the like,
which 1s gaseous at a normal temperature, or volatile metha-
nol or ethanol or the like, an obvious gas pressure may be
generated 1n the fuel storage tank 10 by the fuel stored
therein, and the gas pressure will be greatly increased with
the increasing of the external ambient temperature. The
pressure detection unit 20 may be used for detecting the gas
pressure in the fuel storage tank 10. The electrical power
generation unit 40 may have a working state and a stop state,
and 1n the working state, can convert the chemical energy of
the fuel 1n the fuel storage tank 10 into the electric energy
for output. The electrical power generation unit 40 may be
a generator set composed of an engine and a generator,
wherein the engine consumes the fuel in the fuel storage tank
10 and converts the chemical energy of the fuel into the
chemical energy for output, and then the generator may
convert the mechanical energy output by the engine 1nto the
clectric energy for output.

In addition to the various components described above, a
traction motor 70 and a transmission system 90 of the
vehicle are further exemplarily shown in the embodiment as
shown 1n FIG. 1. When the power system of the series
hybrid vehicle as shown 1n FIG. 1 1s working, the electrical
power generation unit 40 and/or the power battery 50
provides the electric energy to the traction motor 70 and thus
drive the traction motor 70. When working, the traction
motor 70 may convert the electric energy into the mechani-
cal energy and transfer the mechanical energy to the trans-
mission system 50 of the vehicle, so as to drive the vehicle.

The work mode controller 30 may control the vehicle to
work selectively under one of a plurality of work modes. In
one embodiment, the plurality of work modes can 1nclude a
conventional mode, a pressure protection mode and a bat-
tery-only power supply mode.

Conventional Mode

The conventional mode may be a main work mode 1n a
started or operating state of the vehicle, and may adopt a
common work mode of the existing hybrid vehicle. Under
the conventional mode, the electrical power generation unit
40 may be selectively i the working state or the stop state
according to a predetermined working strategy, and the
power battery 50 may be selectively in the charging state or
the discharging state according to the predetermined work-
ing strategy. The states of the electrical power generation
unit 40 and the power battery 50 may be automatically
adjusted under the conventional mode according to the
change of the actual operation conditions of the vehicle. For
example, when the electricity quantity of the power battery
50 1s suflicient, the power battery 30 may provide the electric
energy alone to the traction motor 70 of the vehicle, so that
the traction motor generates a mechanical driving force to




US 10,124,697 B2

S

drive the vehicle to travel, and at this time, the electrical
power generation unit 40 may be in the stop state. Also for

example, when the electric energy of the power battery 50 1s
insuihlicient, the electrical power generation unit 40 will be
started or launched and charge the power battery 50. Yet for
example, when the vehicle needs a larger driving power,
both the electrical power generation unit 40 and the power
battery 50 provide the electric energy to the traction motor
70 simultaneously. Generally, for a vehicle operating under
the conventional mode, the engine 1n the electrical power
generation unit 40 and the power battery 50 will both operate
in optimal states, which 1s an advantage the hybrid vehicle
itsell has.

Pressure Protection Mode

In the case the electrical power generation unit 40 1s in the
stop state, when the gas pressure detected by the pressure
detection unit 20 1s higher than a pressure threshold, the
work mode controller 30 controls the vehicle to enter the
pressure protection mode. When the gas pressure in the fuel
storage tank 10 1s higher than the pressure threshold, it
indicates that the fuel storage tank 10 1s 1n an unsafe state.
In the pressure protection mode, the electrical power gen-
eration unit 40 1s launched from the stop state to enter the
working state to use the fuel in the fuel storage tank 10, and
thus the gas pressure 1n the fuel storage tank 10 1s accord-
ingly reduced and returns to be at least lower than the
pressure threshold.

According to the present invention, the pressure protec-
tion mode 1s additionally provided for the vehicle, so that
alter the gas pressure 1n the fuel storage tank 10 exceeds the
pressure threshold, the fuel may not be discharged into the
atmosphere, but be used for driving the electrical power
generation unit 40 of the vehicle to generate electric power,
thereby reducing or consuming the expanded fuel 1n the fuel
storage tank 10, and thus the gas pressure 1n the fuel storage
tank 10 returns to a safe range. The electric energy output by
the electrical power generation unit 40 may be consumed in
different ways, for example, for driving the traction motor 70
of the vehicle, or for charging the power battery 50, or for
being applied to other electric appliances of the vehicle, such
as an air conditioner and the like. In other embodiments, a
device special for consuming electricity may even be addi-
tionally arranged in the vehicle, such as an electrically
driven 1dling flywheel or the like, so as to consume the
clectric energy generated by the electrical power generation
unit 40 when the vehicle enters the pressure protection
mode. According to the present invention, the unsafety and
energy waste resulting from directly discharging the fuel to
the atmosphere when the pressure 1n the fuel storage tank 10
rises are avoided 1n this way.

The vehicle may enter the pressure protection mode when
in a started state, or the vehicle may enter the pressure
protection mode when 1n a shutdown state. When the vehicle
1s 1n the shutdown state, and particularly when the vehicle
has not been used for a long time, the fuel 1n the tuel storage
tank 10 will generate an ultrahigh gas pressure 1n such
conditions as high temperature. Even if the vehicle 1s in the
started state, when the vehicle 1s driven only by the power
battery 50 for a long time, and the fuel 1n the fuel storage
tank 1s not consumed by the electrical power generation unit
40, the fuel i1n the fuel storage tank will generate the
ultrahigh gas pressure 1n such conditions as high tempera-
ture and vibration. Therefore, the pressure protection mode
of the present invention may be automatically started when
the gas pressure exceeds the threshold in any of the afore-
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mentioned two cases. Certainly, 1t may be understood that,
even under the conventional mode, the vehicle in the started

state may also automatically carry out optimization control
on the utilization mode of the electric energy by 1ts control
system, and the fuel in the fuel storage tank 10 1s used at a
certain time 1nterval, which can avoid the phenomenon of an
over high gas pressure i the fuel storage tank 10. Accord-
ingly, the possibility that the gas pressure of the fuel in the
fuel storage tank 10 exceeds the pressure threshold 1n the
started state of the vehicle 1s much smaller than that in the
shutdown state of the vehicle. Therefore, 1n another embodi-
ment, the work mode controller 30 may be configured to be
able to start the pressure protection mode only in the
shutdown state of the vehicle. In the present invention, the
operation of entering the pressure protection mode of the
vehicle when 1n the started state or in the shutdown state
may be completely and automatically operated by the work
mode controller 30 according to the gas pressure 1n the fuel
storage tank 10 detected by the pressure detection unit 20
without any intervention of a driver.

Particularly, 1in the started state of the vehicle, the pressure
protection mode may have a higher execution priority than
the conventional mode, so that the vehicle may enter the
pressure protection mode timely when the pressure of the
fuel 1n the fuel storage tank 10 1s higher than the pressure
threshold. When the gas pressure in the fuel storage tank 10
detected by the pressure detection unit 20 returns to the safe
range, the work mode controller 30 of the vehicle may
enable the vehicle to return to the conventional mode from
the pressure protection mode.

In addition, in order that the vehicle may enter the
pressure protection mode 1n the shutdown state, 1t 1s pref-
erable that the work mode controller 30 and the pressure
detection unit 20 of the vehicle are powered up and 1n a
working state at any time (particularly when in the shutdown
state of the vehicle), so as to respond to any possible change
of the gas pressure 1n the fuel storage tank 10 at any time.

Under the pressure protection mode, although the electric
energy generated by the electrical power generation unit 40
may be consumed by various means as mentioned above, the
charging of the power battery 50 1s preferred 1n order to save
energy and improve the utilization rate of the fuel, and thus
the utilization of the electric energy may be improved to the
uttermost.

Battery-Only Power Supply Mode

As mentioned above, under the pressure protection mode,
the electric energy generated by the electrical power gen-
eration unit 40 1s preferably used for charging the power
battery 50. However, 1t may be understood that the power
battery 50 1s not certainly in a chargeable condition at this
moment. For example, after the shutdown of the vehicle, the
clectric energy 1n the power battery 50 might be still in a tull
state or a relatively suflicient state. In this case, the power
battery 50 might be unable to accommodate or cannot
adequately accommodate the electric energy output by the
clectrical power generation unit 40. To this end, the present
invention may further provide a battery-only power supply
mode.

The battery-only power supply mode 1s a work mode
aimed at consuming the electric energy in the power battery
50 1n the started state of the vehicle. Under the battery-only
power supply mode, the electrical power generation unit 40
may be constantly 1n the stop state, and the power battery 350
1s constantly 1n the discharging state to consume the electric
energy stored 1n the power battery 30 to drive the vehicle.
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Herein, the “constantly” means that the electrical power
generation unit 40 will not supplement the electricity quan-
tity of the power battery 50 during the power battery 30
constantly outputs the electric energy, so that the electricity
quantity state of the power battery 50 1s suitable to fully
accommodate the electric energy generated by the electrical
power generation unit 40 under the pressure protection mode
during the gas pressure of the fuel storage tank 10 returns to
the safe range after exceeding the pressure threshold. For
example, the electricity quantity of the power battery 50 may
be finally reduced to 30% of the total charging capacity by
adopting the battery-only power supply mode.

It should be understood that, under the conventional mode
of the vehicle, during a period of time, the electrical power
generation unit 40 may also be constantly 1n the stop state,
and the power battery 50 1s constantly 1n the discharging
state. However, the battery-only power supply mode herein
1s aimed at reducmg the electricity quantity in the power
battery 50, and i1s different from the conventional mode
which 1s aimed at enabling the power battery 50 to work 1n
the optimal state.

The work mode controller 30 may control the vehicle to
enter the battery-only power supply mode according to a
mode selection 1nstruction provided by the user, for
example, the driver. As shown 1n FIG. 1, the vehicle may
turther include a mode mnput interface 31, and the user may
input the mode selection instruction to the work mode
controller 30 by means of the mode 1nput interface 31. The
battery-only power supply mode may have a higher execu-
tion priority than the conventional mode. In this way, when
receiving the mode selection mstruction that 1s mput by the
user and indicates that the battery-only power supply mode
1s selected, the work mode controller 30 can switch the
vehicle from the conventional mode to the battery-only
power supply mode. The mode mput interface 31 may be a
switch or a button, which 1s independently provided for the
battery-only power supply mode and 1s only used for com-
pulsively controlling the current vehicle to operate 1n the
battery-only power supply mode. Due to the arrangement of
the mode mput interface 31, the user, for example, the driver
may compulsively discharge the power battery 50, which 1s
yet 1 a suflicient electricity quantity state, according to
whether the vehicle 1s about to enter a long-term shutdown
state. For example, during driving the vehicle, 11 the driver
expects that the vehicle will not be used for a long time,
when there 1s still a certain distance away from the parking
destination, the driver may actively force the vehicle to work
under the battery-only power supply mode by operating the
mode input interface 31, so that the electricity quantity in the
power battery 50 will be 1n a relatively low state after the
shutdown of the vehicle, thereby ensuring that there will be
an enough space to accommodate the electric energy output
by the electrical power generation unit 40 under the pressure
protection mode to be possibly entered thereafter. In other
embodiments, the mode mput interface 31 may further be
used for receiving a mode selection instruction that 1s input
by the user and indicates that other work modes are selected.
For example, when the vehicle 1s under the battery-only
power supply mode, 1 the driver actively expects to switch
back to the conventional mode, the driver may mput the
mode selection instruction that indicates that the conven-
tional mode 1s selected via the mode mput interface 31.

In the battery-only power supply mode, to avoid exces-
sive discharge of the power battery 350, the work mode
controller 30 may further be configured to prohibit the
vehicle from entering the battery-only power supply mode
or have the vehicle leave from the battery-only power supply
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mode when the electricity quantity of the power battery 50
1s lower than an electricity quantity threshold. One of the
objects of the present invention 1s to avoid the waste of the
fuel and fully utilize the electric power generated by this part
of energy, the requirements of the present invention have
been satisfied when the power battery 1s 1n this low elec-
tricity quantity state, so there 1s no need to enter the
battery-only power supply mode. In this way, when the
vehicle operates under the battery-only power supply mode,
once the electricity quantity in the power battery 50 drops to
lower than the preset electricity quantity threshold, even 1f
the vehicle does not arrive at the preset parking destination
of the driver, the work mode controller 30 will automatically
terminate the battery-only power supply mode to protect the
power battery 50.

Although the vehicle may have all the foregoing three
work modes 1n the aforementioned embodiments, the bat-
tery-only power supply mode may be omitted for the vehicle
in other embodiments. In this way, in the pressure protection
mode, the power battery 50 may be charged in the case the
charging conditions are satisfied, and the electric energy
output by the electrical power generation unit 40 1s con-
sumed 1n other way described above 1n the case that the
charging conditions are not satisfied or the power battery has
been fully charged. Alternatively, the electric energy output
by the electrical power generation unit 40 may be directly
consumed 1n other ways. In addition, 1t should also be
understood that, although the conventional mode 1s listed
above, 1t 1s obvious that the present invention may not
involve the improvement to the conventional mode 1n the
foregoing embodiments. In other embodiments, some
improvements may be carried out on the conventional mode
in view of the object of the present invention. For example,
under the conventional mode, when the power battery 50 1s
in the charging state, the charging capacity of the power
battery 50 may be limited to be lower than the maximum
chargeable capacity of the power battery 50, for example, to
be limited to 80% of the maximum chargeable capacity. By
means of leaving a charging room at any time, an electricity
quantity space may be reserved for the pressure protection
mode that might happen at any time 1n order to accommo-
date the electric energy output by the electrical power
generation unit 40.

As shown 1n FIG. 1, the vehicle may further include an
clectric switch 60 for turning on or ofl an electric energy
path to a traction motor 70 of the vehicle. The work mode
controller 30 may be configured to open the electric switch
60 when the vehicle enters the pressure protection mode
from the shutdown state. The electric switch 60 may be
provided 1n an electric power line for supplying electric
power from the power battery 30 and the electrical power
generation unit 40 to the traction motor 70. In this way, when
the vehicle enters the pressure protection mode from the
shutdown state, by opening the electric switch 60, the
clectric energy output by the electrical power generation unit
40 will be used only for charging the power battery 50 of the
vehicle or consumed by other electric appliances, rather than
be transierred to the traction motor 70 of the vehicle, thereby
avoiding the working of the traction motor 70 of the vehicle
to waste the electric energy. Meanwhile, this makes the
pressure protection mode only used as an independent
procedure of consuming the fuel 1n the fuel storage tank 10
and thus driving the electrical power generation unit 40, so
as to avoid a possible bug that the vehicle can be started by
the pressure protection mode without using a vehicle 1gni-
tion key. When the vehicle 1s started, the current state of the
clectric switch 60 may be detected by the work mode
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controller 30, 1n order to guarantee that the electric switch 60
1s 1n a closed state and that the electric power line to the
traction motor 70 1s normally connected. In addition, in the
started state of the vehicle, even 1f the pressure protection
mode 1s started, the electric switch 60 will be 1n the closed
state under the control of the work mode controller 30.

As shown 1n FIG. 1, the vehicle may further include a
clutch 80, which 1s used for turning on or off a mechanical
power path to wheels of the vehicle. The work mode
controller 30 may be configured to disengage the clutch 80
when the vehicle enters the pressure protection mode from
the shutdown state. The clutch 80 may be the clutch the
vehicle originally has 1n a vehicle transmission, or may be
a clutch additionally provided for this purpose. By operating
the clutch 80, 1t may achieve the effect that when the vehicle
enters the pressure protection mode from the shutdown state,
even 1f the traction motor 70 works, the vehicle cannot be
driven.

The work mode controller 30 may be embodied by the
power control system of the hybrid vehicle, or may be a part
of the power control system, or may be independent from the
original power control system of the vehicle. In an exem-
plary working process, under the shutdown or started state
of the vehicle, the pressure detection unit 20 may send a
signal to the work mode controller 30 when detecting that
the gas pressure of the fuel in the fuel storage tank 10
exceeds the predetermined pressure threshold, and the work
mode controller 30 will start the pressure protection mode
alter receiving the signal. Alternatively, the work mode
controller 30 constantly reads the pressure value detected by
the pressure detection unit 20 and compares the pressure
value with the predetermined pressure threshold stored
therein, and starts the pressure protection mode when the
detected pressure value 1s higher than the pressure threshold.
For starting the pressure protection mode, the work mode
controller 30 sends a start signal to the electrical power
generation unit 40 to make the electrical power generation
unit work to use the fuel 1n the fuel storage tank 10, so as to
reduce the gas pressure thereof; meanwhile, the work mode
controller 30 further sends a charging signal to the power
battery 50 (specifically, usually a battery management sys-
tem of the power battery 50), so that the power battery 50
enters the charging state, and the electric energy generated
by the working electrical power generation unit 40 can be
used for directly charging the power battery 50. In addition,
it the vehicle 1s in the shutdown state at this moment, the
work mode controller 30 may further send a control signal
to the electric switch 60 and/or the clutch 80 at the same time
or 1in advance, 1 order to cut ofl the electric power supply
path to the traction motor 70 of the vehicle and/or the
mechanical transmission path to the transmission system 80.

In another exemplary working process, under the started
state of the vehicle, when the vehicle 1s operated 1n the
conventional mode at present, the driver sends the mode
selection 1nstruction to the work mode controller 30 via the
mode 1nput 1intertace 31, thereby indicating that the battery-
only power supply mode 1s selected. The work mode con-
troller 30 firstly obtains the current charge state of the power
battery 50 from the battery management system thereot, and
compares the current electricity quantity of the power bat-
tery 50 with a predetermined electricity quantity threshold
stored 1n the work mode controller 30. If the current elec-
tricity quantity ol the power battery 350 1s lower than the
clectricity quantity threshold, the work mode controller 30
does not change the current work states of the electrical
power generation umt 40 and the power battery 50, namely
the vehicle 1s prohibited from entering the battery-only
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power supply mode. It the current electricity quantity of the
power battery 30 1s higher than the electricity quantity
threshold, the work mode controller 30 sends a control
signal to the electrical power generation unit 40 to force the
clectrical power generation unit to keep or enter the stop
state, and sends a control signal to the power battery 50 to
force the power battery to keep or enter the discharging state,
so that the vehicle only uses the power battery 50 as an
clectric energy output source to provide electric energy for
the traction motor 70 of the vehicle to drive the vehicle to
advance. During the constant discharging process of the
power battery 50, the work mode controller 30 continues to
obtain 1ts current charge state, and when the electricity
quantity of the power battery 50 1s lower than the electricity
quantity threshold, the work mode controller 30 controls the
vehicle to exit the battery-only power supply mode and
controls the electrical power generation unit 40 and the
power battery 50 to work under the conventional mode.

In addition, 1n the present invention, the setting manner of
the pressure threshold of the fuel storage tank 10 may adopt
one of the two ways:

(1) the pressure threshold 1s a single pressure value, and
once the gas pressure in the fuel storage tank 10
exceeds the pressure value, the pressure protection
mode 1s triggered.

(2) The pressure threshold 1s a pressure range, which
includes a pressure upper limit value and a pressure
lower limit value.

In the case the pressure threshold 1s the pressure range, the
pressure in the fuel storage tank 10 being “higher than the
pressure threshold” may refer to being higher than the upper
limit value of the pressure range, while the pressure 1n the
tuel storage tank 10 “returning to the salfe range” may refer
to being lower than the lower limit value of the pressure
range. In this way, after the pressure protection mode 1s
started because the pressure in the fuel storage tank 10 1s
higher than the upper limit value, the pressure protection
mode will continue at least until the pressure 1n the fuel
storage tank 10 1s lower than the lower limit value. There-
fore, after the pressure protection mode 1s terminated at the
first time, even 11 the pressure in the fuel storage tank 10 will
continue from the lower limit value to rise to be higher than
the upper limit value, and the pressure protection mode
needs to be started again, a corresponding time 1nterval 1s
formed between the twice pressure protection modes,
thereby avoiding the situation that in the case that the
pressure threshold 1s the single pressure value, the pressure
protection mode 1s Ifrequently started and terminated result-
ing from a tfluctuation up and down of the pressure in the fuel
storage tank 10 around the single pressure value.

The vehicle as shown 1n FIG. 1 15 a series hybrid vehicle.
The power system of the series hybrid vehicle may adopt the
solution disclosed by the Chinese patent application No.
20131046°7918.2 filed by the applicant, and the entire con-
tents of which 1s herein incorporated by reference. A power
system applied to a series hybrid vehicle provided in the
referred patent application includes:

a Tuel source (which may correspond to the fuel storage

tank 10 of the present application);

a control system (which may correspond to the work
mode controller 30 of the present application);

at least two auxiliary power units (which may correspond
to the electrical power generation unit 40 of the present
application), wherein each auxiliary power unit 1nde-
pendently receives the fuel from the fuel source under
the control of the control system, converts the chemical
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energy 1n the fuel mnto electric energy, and outputs the
clectric energy to a common current bus;

a power battery (which may correspond to the power
battery 50 of the present application), electrically con-
nected to the common current bus to receive the electric
energy from the common current bus under the control
of the control system to be charged or discharge
through the common current bus; and

a traction motor (which may correspond to the traction
motor 70 of the present application), electrically con-
nected to the common current bus to receive the electric
energy from the common current bus under the control
of the control system, convert the electric energy 1nto
mechanical energy and transter the mechanical energy
to a power train (which may correspond to the trans-
mission system 90 of the present application) of the
vehicle to drive the vehicle to operate.

The power system 1s adapted to allow the use of alterna-
tive fuels with lower energy density instead of using tradi-
tional gasoline or diesel, and 1s adapted to allow the engine
in the auxiliary power unit to work 1n a working condition
area 1n which both o1l consumption and emission are very
low, thereby eflectively reducing the emission, improving
the economic efliciency of the fuels, and compensating for
the problem that the energy conversion efliciency of the
power system of the series hybrnid electric vehicle 1s rela-
tively low. Moreover, the power system may be flexibly
provided with an appropriate number of engines for com-
bined use according to demands.

Although an exemplary illustration 1s given above using
the series hybrid vehicle as an example, those skilled 1n the
art should understand that hybrid vehicles 1n other forms, for
example, parallel or series-parallel type, can be applicable to
the solutions of the present invention, as long as the fuel
used thereby has the possibility of generating the over high
pressure, and the electrical power generation unit capable of
generating power through the chemical energy of the fuel
and the power battery having the optional charging and
discharging states are provided.

So far, those skilled in the art should be aware that,
although a plurality of exemplary embodiments of the
present invention have been shown and described herein in
detail, many other variations or modifications conforming to
the principle of the present invention can still be directly
determined or derived according to the contents disclosed 1n
the present invention without departing from the spirit and
scope of the present invention. Therefore, the scope of the
present invention should be understood and deemed as
covering all of these other variations or modifications.

The 1nvention claimed 1s:

1. A hybnd vehicle, comprising:

a power battery, which can be selectively 1 a charging
state and a discharging state, wherein the power battery
stores electric energy 1n the charging state and provides
the electric energy for dniving the vehicle 1n the dis-
charging state;

a fuel storage tank for storing fuel therein, wherein the
fuel stored 1n the fuel storage tank generates a gas
pressure 1n the fuel storage tank;

an electrical power generation unmit having a working state
and a stop state, wherein 1n the working state, the
clectrical power generation unit converts chemical
energy ol the fuel 1n the fuel storage tank 1nto electric
energy for output;

a pressure detection device for detecting the gas pressure
in the fuel storage tank; and
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a work mode controller for controlling the vehicle to work
selectively 1n one of a plurality of work modes, wherein
the plurality of work modes comprise a pressure pro-
tection mode; and

an electric switch for turning on or off an electric energy
path to a traction motor of the vehicle, wherein the
clectric switch 1s provided in an electric power line for
supplying electric power from the power battery and
the electrical power generation unmit to the traction
motor;

wherein the work mode controller 1s configured to control
the vehicle to enter the pressure protection mode in the
case the electrical power generation unit 1s in the stop
state and when the gas pressure detected by the pres-
sure detection device 1s higher than a pressure thresh-
old;

wherein under the pressure protection mode, the electrical
power generation unit 1s launched from the stop state to
enter the working state to use the fuel 1n the fuel storage
tank to generate electric energy, thereby reducing the
gas pressure 1n the fuel storage tank;

wherein under the pressure protection mode, the power
battery 1s in the charging state, thereby receiving the
clectric energy from the electrical power generation
unit and being charged;

wherein the work mode controller 1s configured to be able
to have the vehicle enter the pressure protection mode
when the vehicle 1s 1n a shutdown state; and

wherein the work mode controller 1s configured to open
the electric switch when the vehicle enters the pressure
protection mode from the shutdown state.

2. The hybnd vehicle of claim 1, wherein the plurality of
work modes further comprise a battery-only power supply
mode performed 1n the case the vehicle 1s started, wherein
under the battery-only power supply mode, the electrical
power generation unit 1s constantly in the stop state, and the
power battery 1s constantly 1n the discharging state to use the
clectric energy stored in the power battery to drive the
vehicle.

3. The hybnd vehicle of claim 2, wherein the plurality of
work modes further comprise a conventional mode per-
formed 1n the case the vehicle 1s started, and 1n the conven-
tional mode, the electrical power generation unit 1s selec-
tively in the working state or the stop state according to a
predetermined working strategy, and the power battery 1s
selectively in the charging state or the discharging state
according to the predetermined working strategy.

4. The hybrid vehicle of claim 3, wherein under the
conventional mode, when the power battery 1s in the charg-
ing state, the charging capacity of the power battery is
limited to be lower than a maximum chargeable capacity of
the power battery.

5. The hybrid vehicle of claim 2, further comprising a
mode 1nput 1nterface for receiving a mode selection 1nstruc-
tion that 1s input by a user and indicates that the battery-only
power supply mode 1s selected;

wherein the work mode controller controls the vehicle to
work under the battery-only power supply mode
according to the mode selection instruction.

6. The hybrid vehicle of claim 2, wherein the work mode
controller 1s configured to prohibit the vehicle from entering
the battery-only power supply mode or to make the vehicle
leave from the battery-only power supply mode, when the
clectric energy of the power battery 1s lower than an electric
energy threshold.
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7. The hybrid vehicle of claim 1, wherein the work mode
controller 1s configured to be able to have the vehicle enter
the pressure protection mode when the vehicle 1s 1n a started
state.

8. The hybrid vehicle of claim 1, further comprising:

a clutch for turning on or off a mechanical power path to
wheels of the vehicle, wherein the work mode control-
ler 1s configured to disengage the clutch when the
vehicle enters the pressure protection mode from the
shutdown state.

9. The hybrid vehicle of claim 1, wherein the vehicle 1s a
series hybrid vehicle.
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